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K O U R I S S P , P A R K E R D L , B E N D E R A P , W I L L I A M S A N . E f f e c t s o f asbestos-related pleural diseaseon pulmonary function. ScandJ Work Environ Health I 9 9 1 ; 1 7 : I 7 9 — 8 3 . The r e l a t i o n s h i p between lossof pulmonary func t i on and the presence of asbestos-related pleural disease was evaluated for 913 Min-nesota asbestos workers. Asbestos-related pleural disease was categorized as circumscribed plaques or diffusethickening. Compared with workers with normal pleura, workers with plaques had a decreased mean per-centage for predicted forced vital capacity (FVC) and predicted forced expiratory volume in 1 s (FEV,j).Diffuse thickening was associated with more pro found decreases in FVC and FEV,.,. No relationship wasseen between FEV ft [(100 x FEV l j 0)/FVQ] and either type of pleural disease. Dyspnea was associatedwith diffuse thickening more so than plaques. These results remained af t er control for pack-years of smoking,extent of parenchyma! disease, and the presence of pulmonary disease history. Pleural plaques and dif-f u s e pleural thickening were considered independent risk fac tor s for the loss of lung func t i on .
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i increased prevalence of p l eura l p laque f o r m a t i o n; been observed in asbestos-exposed p o p u l a t i o n s). W h i l e asbestos exposure has declined in recent; the prevalence of pleural p laques appears toerising, especially among males and older age groupsJ Initially, plaques were regarded as benign markersTpast asbestos exposure with no measurable impactmhing funct ion. Subsequently, pleural thickening wasn t i f i e d as p o t e n t i a l l y de le t er ious , e s p e c ia l ly when
: ( 8 — 1 0 ) . These s tudie s , however, included in-jw idua l s with d i f f u s e pleural thickening, as well ass. More recent inves t igat ions have a t t empted touish between the pulmonary e f f e c t of plaques1 that of d i f f u s e thickening. Restrictive lung diseases since been s t r o n g l y associated with d i f f u s e pleuralning ( 6 , 1 1 — 1 3 ) . W h e t h e r pteural plaques exertnilar e f f e c t upon lung f u n c t i o n , however, has not

i c o n s i s t e n t l y demonstrated ( 1 1 , 1 3 — 1 7 ) .f.Early studies of pleural disease and pulmonary func-tion, in which subtypes of pleural disease (ie, p laque s)|i*ere not yet discerned, generally f ound associated
; in forced vital capaci ty (FVC) (10, 18, 19),i e f f e c t presumably due to the more severe, d i f f u s e^pleural disease. Subsequent to the r e c l a s s i f i c a t i o n of! pleural disease by the Internat ional Labour O f f i c e!$LO) in 1980, inves t igators began to look at plaques!j|3>arately f rom d i f f u s e thickening. S i g n i f i c a n t
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decreases in FVC, forced exp iratory volume in 1 s(FEV, 0), and increased dy spnea were demons tratedto be associated with d i f f u s e p l eural t h i ck en ing (12).The impact of pleural p laque s on p u l m o n a r y func-tion has been d i f f i c u l t evaluate. Two early Europeanstudies l inked restrictive disease with p laque s ( 1 4 , 1 6 ) ,but this work was later contradicted by Cotes (11) and.with a much larger s tudy (N «= 386), by Gaens l e r (15),
each of whom concluded that plaques had no detrimen-tal e f f e c t on lung funct ion. However J a r v h o l m & Lars-son (17), in a s tudy of 130 workers f ound the presenceof p laque s to be associated wi th decreases in FVC,FEV, „, and increases in mild dyspnea. Schwartz , ina recent study, demonstrated an association betweenplaque s , d i f f u s e th i cken ing , and a restrictive patternof impairment (13).The present s t udy was an a t t e m p t to address thi scontroversy and to quant i ta t e any adverse e f f e c t thatd i f f u s e and/or circumscribed pleural lesions have onpulmonary funct ion.

S u b j e c t s and me thod s
Subjects
In the fal l of 1988. the Minneso ta Department ofH e a l t h conducted a medical screening for formerworkers, and spouses of workers, at a Minnesota p lant
that manufactured asbestos-containing cei l ing t i l e andwallboard f rom 1958 through 1974. S t u d y part i c ipant swere former workers and spouses who volunteered forfree screening. They were made aware of the programeither by direct n o t i f i c a t i o n by the Department or byextensive radio, te levis ion, and newspaper p u b l i c i t y
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about the program. The p a r t i c i p a n t s included 1101f ormer workers and 451 spouses of f ormer workers.Of these 1552 screenees, 996 had worked for the com-pany at some time between 1958 and 1974, when ex-posure to asbestos occurred. Only data from thisasbestos-exposed group are included in the presentanalysis .The 996 p a r t i c i p a n t s wi th a hi s tory of asbestos ex-posure consisted of 875 men and 121 women. Themean number of years worked between 1958 and 1974was 9.4 for the men and 4.4 for the women. The meanage at screening varied from 53.4 for the men to 48.2for the women. The mean latency (years f r om f i r s t ex-posure to screening) was 27.0 and 26.8 years for themen and women, respectively. The overall prevalenceof any p l eura l changes was 25.1 4%.T a b l e 1 shows worker characteri s t ic s by asbestos-related p l e u r a l disease t y p e . Plaque s and d i f f u s et h i c k e n i n g were considered asbestos-related if both Breaders agreed that the lesion had no other c l ear ly at-t r i b u t a b l e cause (ie, obesi ty, p o s t t r a u m a t i c scarring).Cases in which the B readers felt s trongly that fa c tor s
other than asbestos exposure were r e spons ib l e for theobserved abnormal i ty (N = 43), and i n d i v i d u a l s w i th
pleural thickening that was seen only in locations otherthan the chest wall (ie, d i a p h r a g m a t i c ) (N = 39), werenot inc luded in the f u r t h e r analyses. In a d d i t i o n , one
worker who did not par t i c ipa t e in the pulmonary' func-tion t e s t i n g was e x c l u d e d , the to tal number of work-ers inc luded in the ana ly s i s t h e r e f o r e being 913.
Radiographs
Founecn-by-17-inch (35.6-by-43.2-cm) posteroanteriorchest f i l m s were taken at maximal inspirat ion. TwoB readers c e r t i f i e d by the N a t i o n a l I n s t i t u t e for Oc-cupational S a f e t y and H e a l t h interpreted a l l the f i l m si n d e p e n d e n t l y according to the 1980 ILO c l a s s i f i -cation guidelines (20). In cases of s ignif icant dis-par i ty (< 10 %), j o i n t review by the r a d i o l o g i s t s wasused to arrive at a consensus. T h o s e f i l m s for whichconsensus could not be reached (3 %) were averaged,erring on the side of greater severity. After the i n i t i a lreading, the readers were given a summary of the pa-tients' medical and smoking his tory, as well as mea-sures of obesity. T h e y were then asked to j u d g e if thepleural a n d / o r parenchyma! abnormalit ie s they f oundwere due to asbestos exposure or some other medicalcondition (ie, po s t surgica l scarring, congestive heartf a i l u r e , obesity). A separate op in ion was given for

pleural and parenchyma! changes. For .purposes ofanalysis, this opinion was used to des ignate pulmonarychanges as being either asbe s to s-re lated or not asbes-tos-related.
Spirometry
Pulmonary f u n c t i o n t e s t ing was conducted by trainedtechnicians using a Spirotech S400*. The machineswere calibrated twice da i ly , at the start of each morn-ing tn'd a f t ernoon session. A d j u s t m e n t s were made

throughout the day for changes in ambient tempera-ture and barometric pressure. The FEV, 0 and FVcresults were considered repeatable if the two best valuesfor each agreed wi th in 5 % or 100 ml (whichever wasgreater), and the largest values were used as the ob-served results (21). Since the 87 (9 Vo) workers whodid not meet the r e p e a t a b i l i t y requirements had a dis-p r o p o r t i o n a t e amount of severe pu lmonary disease,which may have caused repeatabi l i ty to become mored i f f i c u l t , these workers were not excluded f rom theanalysi s (22). Predicted values based on gender, age,and height for FVC, F E V 1 0 , and FEV % [(lOOxFEV I O )/FVC) were computed using the regressionequations of Crapo et al (23).
Physical Examination
A s tandardized physical examination of each par-
ticipant was performed by one of several occupationalphysicians. It included an examination of the chest and j|extremities for signs of pulmonary and cardiac di sease. ' ' |
Questionnaire
A s e l f - a d m i n i s t e r e d questionnaire was mailed to thesubject s prior to the screening. It included questions
regarding medical h i s tory (chest i n j u r y , surgery, or in-̂f e c t i o n , as well as systemic conditions which commonlyhave pu lmonary m a n i f e s t a t i o n s ) , smoking history^(amount, d u r a t i o n , and present usage), presence of^respiratory s y m p t o m s (cough, d y s p n e a ) , and occupa- 't ional history. The questionnaire was reviewed with'each p a r t i c i p a n t at the time of the screening.
Statistical analysis
Univar ia t e analyses were p er f ormed to i d e n t i f y asso-ciations between reduced pulmonary f u n c t i o n or dysp-nea and the presence of pleural plaques , d i f f u s e pleuralth ickening, i n t e r s t i t i a l disease, history of pulmonary;disease, smoking hi s tory, and obesity. A two-sample:t-test was used to contrast the pulmonary f u n c t i o n ;values of indiv idual s who had pleural plaques a n d / o r _d i f f u s e pleural th i ckening wi th i n d i v i d u a l s who did nothave p l eura l disease. Dyspnea (grade II or greater) wasd e f i n e d as the inabi l i ty to keep pace because of short-ness of breath when w a l k i n g with others of the same ?age.Logi s t i c regression (24) was used to evaluate the rela-t i o n s h i p between loss in pu lmonary f u n c t i o n and thepresence o f p l a q u e s , presence o f d i f f u s e th i ckening,
i n t e r s t i t i a l disease 1/0 or greater, pack-years of smok-ing greater than 40, and a history of pu lmonary dis-ease past or present. Disease outcomes inc luded FVCor F E V , 0 <80 It of the pred i c t ed value, FEV *<90 Vo of the predic t ed value, and dyspnea grade Hor greater. C u t - o f f p o i n t s for the spirometric dataroughly corresponded to the lower l i m i t of the 90 *confidence interval for these values in a reference •p o p u l a t i o n (25). The l o g i s t i c regression yie lded dataf r om which the odds ratios were calculated.

ITable 1. P r o f i l e of workers with »t

; p l eural disease

• None <N= 745): Plaques (N = 146); Q i l l u s e t h i c k e n i n g (N =82)____
? • Years worked (1958-1974).• » Years f r o m f i r s t exposure to *cr<

Table 2. Percentage of predicted! t h i cken ing (N = 913). ( F V C = f o r c e CC l = 9 5 Vo c o n f i d e n c e i n t e r v a l )

; pleural di sease
I N o n e <N = 745)'- Plaques (Ne 146)'.- D i f f u s e t h i c k e n i n g (N » 22)

P<0.0005 (one-tai l ed t - t e s t) com

i T t b l e 3. Odds ratios f r o m the tog[ c o n f i d e n c e interval of the odds r;| F E V , j ) / F V C )

?.Outcome variables

g FVC <80% predic ted 1|FEV1JO <80 % p r e d i c t e d 1|FEV% <90 % p r e d i c t e d 0[ D y s p n e a i grade I I 1

^Resul t s-•Table 2 d i s p l a y s the mean spiworkers with normal-appeariited pleural plaques, and aal thickening. S i g n i f i c a n tVC and FEV, „, but not FE: of pleural disease, th<among those with di f f iult s were c on s i s t en t ly demRation by pack-years of smol£40), or in t e r s t i t i a l disease (i
I grade 2/1 or greater). W!F E V U were s t i l l evident tural disease who never ant i t ial disease, statistical s> the small numbers. The pro'• (1/0 or greater) was 14^ The presence of dyspneagleural disease categories. Ttadc II dyspnea or greater wef pleural disease,.22.8 *h am.159.1 «/c among the worker
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r Changes in ambient temp•ressure. The FEV, 0 and
repeatable -f the two best va5 *7« or 100 ml (whichever <•t values were used as the ohice the 87 (9 W») workers whl a b i l i t y requirements had a iof severe pulmonary ii r e p e a t a b i l i t y to become i•s were not excluded f r o m id values based on gender, iFEV | J O, and FEV % {(100)omputed using the regral (23).

cal examination of each parjby one of several occupatian examination of the chestpulmonary and cardiac

f a b l e 1. P r o f i l e of workers with and without asbestos-related pleura! disease (N = 913).

pl eura l disease

None <N = 745)plaques (N = 146)Diffuse t h i c k e n i n g (N = 22)

Age (years)
Mean
50.558.661.3

SO
11.510.910.8

Exposure*
Mean

7.512.712.3

SO
6.04.84.8

Latency"
Mean
26.030.329.7

SO
5.31.62.6

Pack-yearssmoking
Mean
16.322.129.4

SO
18.221.026.6

• Years worked (1958—1974).t Years f r o m f i r s t exposure to screening examinat ion.

Table 2. Percentage o f p r e d i c t e d pu lmonary f u n c t i o n for workers w i th asbestos-related p l eura l p laque s and d i f f u s e p l eura lthickening (N = S13). (FVC = forced vital capacity, FEVIX) = forced expiratory volume in 1 s, F E V % = OOOxFEVn)/FVC. 95 %CJ = 95 % c o n f i d e n c e i n t e r v a l ]

Pleural disease
None (N = 745)Plaques ( N z 146)Diffuse t h i c k e n i n g (N = 22)

Mean
92.687.6*76.4*

F V C
95 % Cl

91.6—93.685.3-90.068.6-84.3

F E V , f l F E V %
Mean
90.384.2*73.9*

95 % Cl
89.1—91.581.2—87.166.4—81.3

Mean
97.695.997.0

95 % Cl
96.8-98.394.0-97.992.9-101.1

• P<0.0005 (one-tai led t - t e s t ) compared w i t h normal p l eura group.

testionnaire was mailed toteening. I t included q u e s t i o n s ' !
ry (chest injury, surgery, or innic conditions which commonly'i f e s t a t i on s) , smoking histd present usage), presence ofjcough, d y s p n e a ) , and occupa-j s t i onnaire was reviewed with: time of the screening.

TC p er f ormed to i d e n t i f y asso-J.•d pulmonary f u n c t i o n or dysp-|pleural plaques, d i f f u s e p l eura!]disease, history of pulmonary;ry. and obesity. A two-sample].trast the pulmonary func t i on]ho had p l eura l p laque s a n d / o r ]ng with indiv idual s who did not ]/ spnea (grade II or greater) was 'to keep pace because of short-'alking with others of the same :
4) was used to evaluate the rda-n pulmonary func t i on and the•resence o f d i f f u s e th i ckening,jr greater, pack-years of smok-:id a his tory of pulmonary dis-isease outcomes included F V C ,the predicted value, FEV•d value, and dyspnea grade II.>ints for the spirometric data.
to the lower limit of the 90 It;r these values in a reference]agistic regression yielded dati •
atios were calculated.

^Tabl e 3. Odds ratios f rom the l o g i s t i c regression for pr ed i c t or s of p u l m o n a r y impairment . (OR = odd s ratio, 95 % C l = 9 5 %.'conf idence interval o f the odds ratio, FVC = forced vital capaci ty, FEV,„ = f o r c ed e xp i ra t ory volume In 1 s , FEVVo =(100x
k
i

i Outcome variablest*.
;FVC <80% p r e d i c t e d; F E V , 0 <80% p r e d i c t e dI F E V V . <90% predicted: Dyspnea t grade I I

Plaques
OR 95 % Cl
1.5 1.0-2.21.5 1.0—2.20.9 0.6-1.51.0 0.7-1.6

D i f f u s et h i c k e n i n g
OR 95 V. Cl
42 1.7— 10 34.7 1.8— 12 .31.0 0.4—2.84.7 1.9—11.8

Predi c t or s
>40 pack-years

OR 95 % Cl
2.5 1.6—4.03.5 2.2-5.63.7 2.3-5.92.1 1.3— 3.4

Inter s t ia ldisease f c i r t )
OR 95 •/• Cl
1.8 1.2—2.72.2 1.4— 332.0 1.3—3.11.7 1.1—2.6

H i s t o r y ofl u n g di sease
OR 95 •/• Cl
1.4 1.0—1.92.0 1.4-2.71.9 1.3— 2.72.5 1.7—3.6

R e s u l t s
i, .Table 2 d i s p l a y s the mean sp irometr i c values for theI f ; ' w o r k e r s wi th normal-appearing p l eura, asbestos-re-f l a t e d p l eura l p l a q u e s , a n d asbes tos-related d i f f u s et,- p l eural th i ckening. S i g n i f i c a n t decreases in the mean

j FVC and FEV, 0, but not FEV Vo, were seen in the[£' presence of p l eura l disease, the greatest decline occur-ring among those with d i f f u s e thickening. S i m i l a rresults were c on s i s t en t ly demonstrated a f t e r s t r a t i f i -cation by pack-years of smoking (never, 1 — 3 9 , andf e40), or interstitial disease (none, grade 1/0 — 1/2.and grade 2/1 or greater). W h i l e decrements in FVCand FEV, „ were s t i l l evident among the workers withpleural disease who never smoked and did not haveinterst i t ial disease, s ta t i s t i ca l s ign i f i cance was lost dueto the small numbers. The prevalence of interstitial dis-ease ( 1 / 0 or greater) was 14 °7o.The presence of dyspnea was also examined byPleural disease categories. The mean prevalence fortrade II dyspnea or greater was 16.8 *7b in the absenceof pleural disease,.22.8 *7o among those with plaques,and 59.1 Vo among the workers with d i f f u s e changes.

W i t h i n each of these strata, the prevalence rose dra-m a t i c a l l y in a s t epwi s e f a s h i o n with increasing pack-years of smoking. A similar pa t t e rn was seen withdyspnea , grade I or more.T a b l e 3 shows the odds ratios re sul t ing f r o m thelogi s t ic regression for the f i v e predictors of impairedpulmonary f u n c t i o n ( p l e u r a l plaques, d i f f u s e p l euralthickening, pack-years of smoking, inters t i t ial dis-ease, and pulmonary history). Pleural plaques wereassociated with nons igni f i cant decreases in FVC andF E V , 0 . No relat ionship was seen with FEV Vo. Dif-f u s e pleural disease was s i g n i f i c a n t l y associated withdec l ines in the FVC and FEV,^, , as well as with theoccurrence of dyspnea. Once again, no r e la t i on sh ipwas found with FEV «7o. Pack-years, in t e r s t i t i a l dis-ease, and pulmonary history each had a moderate im-pact on all the outcomes.It was noted that the magni tude of the e f f e c t thatplaques had on FVC and FEV, 0 was m o d i f i e d bywhether the worker had a history of pulmonary dis-ease. When this history was present, the additionalpresence of plaques did not s i g n i f i c a n t l y increase an
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ind iv idual ' s risk o f i m p a i r m e n t , bu t f or those ind i -viduals with no history of pulmonary disease (N •= 655),plaque s had a much greater e f f e c t . For FVC the oddsratio equaled 2.1 [95 % c on f id enc e interval (95 ftCI) 1 . 2 — 3 . 5 ] , and for FEVI O it was 1.7 (95 «H> CI
1.0-2.9).
Discussion
The f i n d i n g s o f th e present s t u d y ind i ca t e that p l e u r a l
plaque s are associated with small decrements in FVCand FEV,^, and the preservation of the FEV %, con-
sistent with restrictive lung disease. A similar, but mores u b s t an t ia l , e f f e c t was demons trated among the fewworkers who had d i f f u s e pleural thickening. Thesef i n d i n g s remained s ign i f i can t when the e f f e c t s of smok-
ing history, coexist ing in t er s t i t ia l disease, and the pres-ence of other medical conditions were controlled for.Previously inve s t iga tor s who a t t e m p t e d to accountfor the i n f l u e n c e of smoking generally c l a s s i f i e d work-ers by current (or recent) smoking status. We choseto consider cumulative pack-years of smoking, regard-
less of current s tatus , as a more valid criterion sinceit has been shown that smoking cessation does not sub-s t a n t i a l l y reverse the reductions in lung f u n c t i o n as-
sociated with long-term usage (26,27). T h i s procedureresulted in more homogeneous groupings of workers.and al lowed the e f f e c t s of the other variables , par-t i cu lar ly the sub t l e e f f e c t s of p laque s , to be more eas i lyd i s t ingu i shed from the e f f e c t s o f smoking.The 6 reading procedure was m o d i f i e d to a l l ow theradio log i s t s to consider cl inical f a c t or s b e fore render-ing an opinion regarding l i k e l y e t io logy. T h i s modi-f i c a t i o n was made by the Minnesota Department ofH e a l t h (28) in an at t empt to increase the s en s i t iv i ty ands p e c i f i c i ty of the diagnosis of asbestos-related pleuraldisease. By exc luding pleural abnormalities which werethought to be due to f a c t o r s other than asbestos ex-posure, we felt that a more precise es t imate of risk forasbestos-related disease could be a t ta ined . The inclu-sion of workers with pleural disease unrelated to as-bestos exposure could have produced risk estimatesmore representative of these other conditions. The lungfunction of 28 workers with p laque s who were excludedfrom the analysis did not d i f f e r greatly from that ofthe workers who were i n c l u d e d , a l t h o u g h a s l i g h t l ygreater obstructive component was noted. These work-ers were also s l i g h t l y o ld er and much heavier, withmore pack-years of smoking, more in t e r s t i t i a l disease,and more dyspnea. Conversely, the 15 workers withd i f f u s e thickening who were excluded had much worse
pulmonary f u n c t i o n , p a r t i c u l a r l y obstructive disease,and less severe inter s t i t ia l disease than those who wereincluded, but they did not d i f f e r with regard to othercharacteristics.Whi l e the l o g i s t i c regression model fi t the data w e l l ,there remained a considerable amount of var iab i l i tyin the observed disease pattern that was not accountedfor. There are three po s s i b l e e xp lana t i on s for this oc-

currence. First, there were f a c t o r s pre s ent , such asobesity or past medical h i s tory, which may have in-f luenc ed the B readers' in t e rpr e ta t i on of radiologicchanges of the pleura (29). In the present s tudy, work-ers with either of these two f a c t o r s were more l i k e l yto have had their pleural abnormalit ie s j u d g e d as beingunrelated to asbestos exposure. It is unknown to whatextent asbestos-related abnormal i t i e s were j u d g e d tobe nonasbestos-related. If this type of judgment did
occur, the result would be an underes t imate of the risk
for those with asbestos-related p l eura l disease. Simi-larly, the s l i g h t l y weaker e f f e c t s of both pleural plaquesand d i f f u s e thickening among heavy smokers may haver e f l e c t e d a bias towards d i s m i s s i n g the p l eura l abnor-mali t i e s of heavy smokers as being smoking-related asopposed to asbes tos-related. Second, the presence ofasbestos-related subroentgenologic f i b r o s i s coexisting
with, and perhaps preceding the recognition of, pleuraldisease has f r e q u e n t l y been theorized as the true causeof p leural-as soc iated re s tr i c t ive disease ( 1 3 , 17, 30).W h i l e th i s is a p l a u s i b l e theory, it remains rather d i f -
f i c u l t to prove. If thi s were a cause for pulmonaryimpairment and it did precede other rad iograph i cchanges, it could cause diminut ion of the risk estimatesfor rad iographi c changes through m i s c l a s s i f i c a t i o n of
abnormal i n d i v i d u a l s as normal. We invest igated thisissue by examining the e f f e c t s of exposure duration andla t ency among nonsmoking workers with normal ra-diographs. Pulmonary decline was not readily apparentin th i s small sample when it was compared with thatof workers with less l a t ency and less exposure. Final-ly, a certain amount of imprecis ion is inherently as-sociated with the use of predicted values for spirometricdata. A g e , h e igh t , and gender a d j u s t m e n t s have typi-ca l ly accounted for no more than 70 to 80 % of thevariance in spirometric values of normal populat ions
(23).Dyspnea, an indirect and somewhat sub j e c t iv e mea-sure of f unc t i ona l impairment , y i e lded result s ap-prox imat ing those of the spirometry. Consi s t ent withthe f i n d i n g s of previous s tudi e s , a high correlation wasfound between spirometric values and the level of dysp-
nea reported in the questionnaire. Dyspnea was as-sociated with d i f f u s e disease more than plaques and,as expected, increased in severity with increasing pack-years, in t e r s t i t i a l disease, and history of lung disease.In conclusion, it appears that asbestos-related
plaques and d i f f u s e p l eural thickening are associatedwith measurable decreases in pulmonary funct ion. Fur-ther s tudy, however, is necessary to determine themechanism involved in this process and the long-term
clinical i m p l i c a t i o n s o f these f i n d i n g s .
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